The capability of 15-crown-5 ab initio; 
INTRODUCTION
In recent years, a wide interest to the study of crown ether chemistry has been increased. This interest is due to the ability of crown ethers to form strong complexes with ionic species, especially metal cations. The capability of the crown ethers to bind the ionic species, make it possible to be used in many application. The crown ethers have been used in the cation extraction of radioactive waste [1] [2] [3] , enhance selectivity in chromatography [4] [5] , and membrane transport [6] .
Because of the important of the application of crown ethers, the study of crown ethers in various fields has been carried out experimentally and theoretically. Systematic experimental studies on crown ether complexes and alkali metal cations have been made since the 1990's, several years after Pederson received a Nobel Prize in crown ethers. By application the kinetic method, Maleknia and Brodbelt [7] have been studied gas-phase selectivity of the crown ether for alkali metal cations and found that the orders of selectivity were . By using the method of collision-induced dissociation (CID), More and colleagues [8] found a consistent increase in binding energy with decreasing cation size and increasing the size of the crown ether cavity. More and colleagues results corroborate by subsequent research conducted Anderson and colleagues [9] .
Theoretical studies of the crown ether complexes with a single alkali cation (Li have been conducted by Hill et al. [10] [11] , Hag-Sung Kim [12] , Martınez-Haya et al. [13] , Yoshiya et al. [14] and Hwan Jin Kim et al [15] . The agreement between theory and collision-induced dissociation (CID) experimental cations binding enthalpies are generally good, but the differences as much as 14 kcal/mole were noted for 12-crown-4 complexes with some of the heavier cations [10] . As part of an on-going effort to develop modeling crowns ether-cation metal complexes, we devoted these studies to the complexes as we have previously studied for 12-crown-4 [16] .
EXPERIMENTAL SECTION
All calculations of metal cation-crown ether complex systems were performed with the ab initio restricted Hartree-Fock method. This method is capable of providing adequately accurate structures and thermodynamical properties of different molecular system. Geometry optimization for M n+ ─15-Crown-5 complexes has been performed with lanl2mb basis set. In order to find out the most stable equilibrium structure, the complex of 15-crown-5 with Li The model structure of 15-crown-5 was depicted in the form of three-dimensional (3D) using the Chemcraft program. Conformation of crown ethers was arranged so that the ethylene group (-CH 2 CH 2 -) leads to the outside of the crown cavity and the crown ether oxygen atoms leads to the inside of the crown cavity. The top view of 15-crown-5 is shown in Fig. 1 . To obtain the structural models of metal cations-crown ethers complexes, the metal cation is placed in the middle of crown cavity (Fig. 1b cations, a simple model reaction were used to estimate the relative interaction energy. The relative gas phase stability of the complexes was estimated as the energy for the following reaction:
where M n+ denote the various cations under consideration, 15C5 is acronym for 15-crown-5, and ΔE is the interaction energy of the complex of 15-crown-5 with the studied cations. In this study, the interaction energy (ΔE) reflects the interaction power between crown ethers and metal ions. Interaction energy is calculated as the difference between the energy of the complexes with the energy of crown ether molecules and metal cations. Interaction energy in this study is defined as:
complex, E A is energy of 15-crown-5, and E B is the energy of metal cation under consideration. These interaction energies were calculated without zero-point energy correction, ZPE. Thermodynamic properties including enthalpy of reaction (ΔH), Gibbs free energy (ΔG) and entropy (ΔS) are calculated with reference to the article written by Ochterski (17) (18) .
All the calculation has been conducted in the Austrian-Indonesian Centre for Computational Chemistry laboratory at the Universitas Gadjah Mada Indonesia. We have use gabedit program for generated Gaussian input file and Chemcraft program for the visualization of various molecular geometries. Table 1 . These parameters were obtained after the corresponding complexes optimized at the rhf/lanl2mb level of theory.
RESULT AND DISCUSSION

Structure of the [M(15-
It can be noticed from the data in Table 1 cations. Generally, the interaction energies are in inverse order to the effective diameter of corresponding metal cations. In this study, the interaction energies for the 15-crown-5 complexes fall in this order: K + < Na [7] [8] . Qualitatively it has also been observed in experiments for non-cyclic polyether's [19] .
The incompatibility of crown ethers selectivity of metal cations in the gas phase to that expected based on "best-fit" concept supports a notion of stabilization by the solvent to the complex cation-crown ethers that occur in solution. In a solution of water, hydration of the cation plays an important role. According to experimental data, the hole cavity of 15-crown-5 is 170 up to 220 pm [20] that fit with the size of Na + and Cd 2+ which both have a diameter of 194 pm. The results of this calculation show that the interaction energy or the stability of the complexes is not directly related with the "best-fit "concept.
In order to investigate the effect of metal ionic properties, the interaction energies of the [M(15-Crown-5)] n+ complexes were correlated with several properties of metal cations that considered in this study, including the ionic charge (z), the ionization energy (E i ), electronegativity (  ) and the diameter of the cations (d) as listed in Table 2 . Fig. 5 shows an almost linearly relationship between the interaction energies with the ratio of metal properties to the cation diameter, especially for the ratio of ionization energy to the cation diameter. This suggest that this ratio could be use to evaluate selectivity of the crown ether. The interaction energy results indicate that the nature of metal cation plays an important role in determining stability of these complexes. Also, it can be concluded that selectivity of 15-crown-5 for metal cation is the result of synergism between the charge of metal cation, ionization energy, electronegativity and cationic size effect.
Selective Extraction of Metal Cations
Extraction power of a compound is determined by the distribution coefficient between extractant and solvent. In this study the distribution coefficient of extraction (K d 
where K cm is the equilibrium constant for [M (15-crown-5)] complexes and K ca is equilibrium constant for the
The results of calculation for the extraction distribution coefficients are given in Table 3 . It can be seen that none of the metal cation under consideration could to be extracted by the 15-crown-5 compound because all the cations has a very small distribution coefficient.
Experimentally known that for extraction of metal cations with neutral crown ether, the nature of counter anions plays an important role in determining the efficiency and selectivity of extraction. There is evident that alkali metal salts with hard anions are only poorly extracted into most organic solvent. In addition to the nature of counter anion, the extraction of metal cations with neutral crown ethers also require the concomitant transfer of counter ionic species from the aqueous phase into the organic phase. Some improvement in extraction efficiency of metal salt by crown ether can be obtained by modification of the organic solvent medium [22] , while the concomitant transfer of counter ionic species can be avoided by using proton-ionizable crown ethers [23] [24] . So the result of this theoretical research in the gas phase is in line with the results of experimental research ever done before. Theoretically, the results of this study are also consistent with previous theoretical studies conducted on the 12-crown-4 towards some metal ions with DFT methods. By using the density functional theory method, Diao and colleagues showed that the cations Li and Zn 2+ also could not be extracted from aqueous solution with 12-crown-4 regardless of the anion counter [25] . Therefore it is necessary to do further theoretical research, which involves a counter anions by an ab initio or DFT methods. have been determined with lanl2mb basis set at the RHF level of theory. There is a monotonic decrease in interaction energies with increasing cations size in one group accompanying the increase in M n+ -O bond lengths. A good positive relationship was found between the interaction energies and the ratio of the metal charge cation, ionization energy, and electronegativity to the diameter of the cation. The distribution coefficient of extraction between the crown ether and water predict that 15-crown-5 could not extract the metal cations under this study.
CONCLUSION
